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J.

EVALUATION OF FLAMMABILITY OF FOOTWEAR UPPER MATERIALS:
PATENT AND REGULAR SHOE UPPER LEATHER VS.

PORVAIR AND CLARINO POROMERICS

INI'RODUCTION

Fhe Chief of Naval Operations requested that the Navy Clothing and Textile
i estarch Facility (NCTRF) investigate the effects of fire and heat on poroineric
upper iaterials (Porornerics--shiny, synthetic, upper materials used in dress
"otwear of military personnel) after pororneric shoes worn by a sailor in an engine
r~oii caught fire and severely burned his feet. As a result, personnel throughout
tne Na.vy were instructed to avoid wearing pororneric shoes when working near high
"c.wt sources.

This report discusses general findings, flammability, and heat transfer data of
co;nlparative evaluation of poromeric and leather shoe upper materials worn by

.. avy personnel.
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D LSRIPTION OF EVALUATED MATERIALS

Sho, tI- pper Materials

1',, ,,umerics--permeable, synthetic materials with glossy shine:

r> rtir (PR)--hoinogenous polyurethane from Porvair Ltd., Kings Lynn, U.K.
. thick).

* . ir~ (CL)--polyester PU-coated, non-woven from Kuray Co., Japan (4/64
' . .tk),

L,,- tniers--cattlehide leather, chrome-tanned:

Pitnt Leather (PL)--Braude Co., Woburn, MA (3/64 inch thick), with high-
gloSs s Jr tdcc.

f pper Leather (UL)--A.C. Lawrence Co., South Paris, ME (4.5/64 inch thick),
* ti -; ,,ventional top-grain surface.

-fit, thickness of leather is reported in 1/64 inch, a trade practice. It is also
' l-iiJ "l-ounce leather." A 3/64-inch leather is thus designated "3-ounce leather."

-ll specimens, except the UL, had high-gloss polyurethane finishes. The UL
'eLi wr contained a conventional acrylic finish, which is maintained by polishing
- ,vith :oiercial shoe waxes.

Combination of Shoe Upper Materials and Linings

PK, CL, PL, and UL were combined with an aluminum foil doubler interlining
a d a 1.1 oz per yd2 , 75/25 polyester/cotton, plain weave lining.

* Military Dress Oxfords with PR, CL, PL, and UL Upper Materials

2
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K % TV ST PROCEDURES AND RESULTS

1'~reuaoditioning of Materials

il tested materials and footwear were conditioned in a standard atmosphere
o! -A 1) degrees C and 65 (+2) % rh for 72 hours.

Flamnmaibility Measurements

Procedure. To test flammability, specimens were subjected to a vertical
* :1-i.;ibility test as specified in Method 5903 of Federal Standard 191, Textile

i est .Xethods. Specimens m-easuring 3/4 in by 12 in were fixed in a vertical frame,
p1a(-ed in a cabinet, and exposed at the bottom edge to a gas burner flame for 12

sc~oas.Table I shows the time the specimen continued to burn after thL- urner
,%as tkirned off (i.e., "After Flame Time"), the time the specimen glowed after it
stipped burning ("After Glow Time"), and the length of the char caused by the
b Lurn inrg.

Results. Table I data indicate that poroimierics were totally consumed by
Sini 94 seconds or less, and they melted while burning. By contrast, the

ic _,thers showed excellent flame resistance, short after-flame and after-glow
iu~lws, and char lengths of 0.1 in or less.

Table 1. Flame reulatnce-FED SID 191-M14mod 5903.

After Flame After Glow Char Length
Specimen Time (seconds) Time (seconds) (inch)

*Porvair (PR)* 87 Totally burned Specimen melted
Ciarino (CL) 94 Totally burned Specimen melted
Patent Leather PLI 0 0 .

APL-2 0 3.5 .
PL-3 0 3.1 .
PL4 1.2 0.2 .
PL.5 0 0 .
PL-6 .2 1.4 .

Upper Leather UL- 1 0 0 0
UL-2 0 0 0
UL-3 0 0 .
UL-4 0 0
UL 5 0 0 0
UL-6 0 0 0

*No addiltionial %pecimens w,.re burned because of extreme flammability of material.
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Ilea t Transfer Measurements

Procedure. To test the effect of radiant heat fluxes resulting from fuel fires
d iot objects, the four shoe materials were subjected to the fire simulator test

Jjovelped by Audet (1). Audet's device uses two quartz lamps as its infrared
source, and the heat level is controlled by two General Radio Variacs. The

iWe: julse is directed toward a specimen fixed in a 4-in-high by 2-in-wide window
Io, dti in Iront of a water-cooled heat flux sensor. The test specimen is mounted
'.. iw, in front of the sensor, which measures the rate of heat transfer through
, t iiaterial. The output of the heat flux sensor is continuously recorded on a
,wr, A ell millivolt recorder with a variable chart speed. The test required a 45-

scc r:., quartz-lamp preheat time to ensure a constant incident heat flux during
s"I-:. i he tests were done under three different conditions.

ov_Iti0 Applied Heat Flux Time
(gcal/cm 2/sec) (seconds)

1 1.00 15
0.50 30
0.25 90

_ondition I represents the radiant heat striking a person 20 feet from a 30 ft
X *" :etroleum fuel fire (2). Condition 2 is the heat flux striking a person at 40

Sthe same fire. Condition 3 shows the effect when a person is 220 ft away.
c uition 3 is a common situation in hot industrialenvironments.

en\\ ic tested, the specimens were horizontal or parallel to the ground, which
- is the po, ition of a vamp, or forepart, of a shoe.

Results. For Condition 1 (1.00 gcal/crn 2/sec for 15 sec), Table 2 shows that
ypporteo poromerics yielded maximum transmission rates of 0.20 gcal/cm 2 /sec

for PR and 0.13 gcal/cm 2/sec for CL. The poromerics softened, melted, and
saved under this condition. The same supported specimens' poromeric-aluminum
do ,i, r-polyster/cotton lining retarded heat considerably. The maximum heat
tr~nsier readings were 0.03 gcal/cm 2 /sec; however, the poromeric materials were
obviously darnaged as when tested alone. They softened, melted, and sagged, and
in thtu case of the CL material, developed burn holes 5/16 inch and 1/2 inch in
da"  e ter.

t I) Audet, N. F., Visor System Materials for Aluminized Firemen's Hoods (Report
. 2: Evaluation of Gold-Coated Plastic Substrates), NCTRF Report 113, June 1975.

(2) ',alzberg, F., and Campbell, J., Air Ground Fire Suppression and Rescue
Systems, ITT Research Institute, October 1965, p. 18.
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:i.bie 2. Comparativ~e heat transfer values of shoe uppe materials vs. shoe upper materials with aluminum foil doubler

ornd I.I oztyd 75125 polyester/colton lining exposed for 15 seconds to radiant heat pulse ot 1.0 gcol/cm2/sec.

Shoe Upper (No Doubler. No Lining) Shoe Upper (Aluminum Foil Doubler, Cloth Lining)

Average Average
Maximum Heat* Specimen Maximum Heat* Specimen

Transmission Weight Transmission Weight
Cc taponent (gcal/cM 2/sec) (g) Remarks Components (gCil/CM 2lseC) (g) Remarks

.20 6.1 Softens F, PR 16 .03 6.1 Softens&

.15 Melts 17 .03 Melts

.20 18 .03

CL.154 Softens & CL 16 .03 5.4 Softens &
IIMelts 17 .03 Melts

.13 18 .03

.;L 31 9.0 Finish melts PL. 16 .03 9.0 F inish melts
2 3017 .05 Ff, exudes

3 28 18 .03 on foi

C 1r 1 .33 9 1 Finish melts UL 16 03 9.1 Nfo effect
2 .48 17 .03 H20 exudes
3 35 18 .03 on foil

* iiheait ran%1i-r after te.i rninat li of heat puke~

't leathers, 1l1- and UL showed maximumn heat transfer rates of 0.31
12 /sec and 0.43 gcal/crn /sec, respectively. There was no sagging, the

'x 'r:inishes inelted, and the bright polyurethane finish of the PL was badly
* c r.~i~:ri.The PL leather substrate, however, was not damaged. Water, in the form
Y i~i, xuded .roln both the PL and UL mfaterial and condensed on the heat

I .,'. 0 r. liiis condensation contributed to the higher heat flux transmission values
witth these materials compared with the porornerics.

-i:)ported leathers showed heat transfer values as low as the supported
'. I .- 5. In this case, the stearn condensed on the foil interlining rather thanl on
*. i, <'r, which effec-tivei'y reduced the total heat transmnitted to the sensor.

(I L finishes were hardly affected, and PL finishes melted less than the
%* ~)r ed watchted samnples that were evaluated.

* r t*or Comcitium 2 (0.50 gcal/crn2 /sec for 30 sec), Table 3 shows that
v)',i <:ti'd pooeis produced mraximumn heat transfer rates of 0.09

Kisec for CL. Both PR~ and CL softened and melted less than the similar
of Condition 1, but CL shrank. The maximum heat flux level of all

~1wr cJspecimeiis %%as 0.03 gcal/cti-2 /sec. Supported specimens of PR softened,
._' 'Iid entrapped condensed moistuire on the foil interlining.

iupported lPtw L- and I jL showed appreciably smaller heat transfer
tim the s..iiimaterials in Condition 1. The maximumn value for FL and U L

4(x. g-,Al/crn2 /se: . lTme finish of the supported F'L was dainaged, but the UL
It(,; idl was not .iflected. f',oth supported materials showed condensed wvater on

t. .*:;i I iterlining. The mmaximuin transfer rate under this condition was 0.03
~/ethe samne as for supported poroinerics RP and CL.

%*,i
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Table 3. Comporatlve heat transfer values of shoe upper materials vs. shoo upper materials with aNnhan toil doublr
and I 1 oz/yc 75/25 polyester/cotton lining exposed for 30 seconds to radiant heat pule of 0.5 cancmsec.

Shoe Upper (No Doubler, No Lining) Shoe Upper (Aluminum Foil Doubler, Cloth Lining)

Average Average
M.ximum Heat* Specimen Maximum Heat* Specimen

Transmission Weight Transmission Weight
Component (gca/cnr2

tsec) (g) Remarks Components (gcanlcm 2lsec) (g) Remarks
- " 4 0b 0.1 Sotens PR 13 03 6.1 Softens G

09 Melts 14 .03 sags

S h 15 .03 H.0 exudes

06 5.4 Finish Melts CL 13 .03 5.4 Finish

D .08 Substrate 14 .03 bubbles
. Shrinks 15 03

- "1." , , 4 '21 9.0 Slight finish PL 13 .03 9.0 Much H20
D .21 Melt and 14 .03 exudes

.20 Much H 20 15 .03
exudes

,:. 21 9.1 H1 O exudes (JL 13 .03 9.1 Much H2
5 .16 14 .03 exudes
,j 21 15 .03

" trasfcr'r , r termination of heat pulse

Table 4 Comparative heot transfer values of sloe upper materials vs. fiie upper mralwtofs with aluminum foll doubler

and 1.1 ozlyd 7&25 pol/esterlcotton lining exposed fOr 30 seconds to radiant heat pulse of 0.5 gcolcm/sec.

Shoe Upper (No Doubler. No Lining) Shoe Upper (Aluminum Foil Doubler, Cloth Lining)

Average Average
Maximum Heat* Specimen Maximum Heat* Specimen

Transmission Weight Transmission Weight
Component (gcaicm2 isec) (g) Remarks Components (gcaiicmZ/Bec) (g) Remarks

1P. far 09 " .09 6.1 Softens& PR 10 .03 6.1 Softens &
.09 Melts II .03 Melts

9 .08 12 .03

C, CL .08 5.4 Softens CL 10 .03 5.4 Softens G

9 .08 II .03 Sags

9 .10 12 .03

,-.t L -ather .PLi i 10 9 0 0 exudes PL 0 .03 9.0 H2 0 exudes

8 .10 II .03

o 10 12 .03

! -. t atrer ,'L) 7 .10 9.1 H20 exudes UL 10 .03 9.1 H2 0 exudes

8 10 l1 .03
9 10 12 .03

e. r e. )'Ke I • 1ual heat transfer after ter.matlon of heat pulse

%*%
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A. -- 

For Condition 3 (0.25 gcal/cnl, 2/sec for 90 sec), Table 4 shows that the
,imported poromerics yielded maximum heat transfer rates of 0.09 gcal/cmn2/sec

P t and 0.10 gcal/cn 2 /sec for CL. Even though the total energy of the
:ti 3 pulse was greater than for Condition 2 (heat flux X time), the effect on

- , thcs was the satne as for Condition 2. The unsupported CL softened,
soelowed substrate shrinking. Unsupported leathers were

-" .,ttected. he maximum heat transfer rate for both PL and UL was 0.10

" sc results show that an initial high heat pulse (1.0 gcal/cm2 /sec) of short
r,.tl,,n does significantly more damage than a lower flux pulse sustaind over a

-. dt-rtbly longer time interval, though the total incident heat energy for the

iiix pulse was greater. In the longer tests, there is more time for the

i"a'ttc: ii to lose heat to the local environment.

Wurported leather showed uniform heat flux values of 0.03 gcal/cm 2 /sec and

(d moisture on the foil interlining. The heat energy of Condition 3 did not
" eri l} cnange the poromneric and leather finishes, but a PR specimen exuded

.zor on the non-finish side.

\ revicw of Tables 2, 3, and 4 shows that all of the supported specimens
" oro,-,:ric ard leather) had equivalent maximum heat transfer values (0.03

Table 5. Effect of hot toot test on PonvaIr (PRX Clarino (CI), patent leather (PI), and

upper leafler Ill, footwear; and mat flames on tluene-soaked (5cc) toes of same.

Footwear Hot Foot Test Toluene Ignited

- - PR I left shoe Flame extinguishes 3 sec Finish melts. Flame extin-
2 right shoe slight melt 2 sec guishes 3 sec

CL I left shoe Flame extinguishes 2 sec Finish melts. Flame extin-
2 right shoe slight melt guishes2seconds. Match melts

surface.

PL I left shoe Flame extinguishes 2 sec Finish burns, melts very little,
2 right shoe slight melt extinguishes 2 seconds

IL I left shoe Flame extinguishes in lessthan Flame extinguishes in less than
2 right shoe 4 sec. No effect on finish. I sec. No effect on finish.

IL 1 , 2 do not sustain flames even after toluene soak.

I iot Foot and Burn Tests on Footwear

iot toot and burn tests were done on PlI, CL, PL, and UL dress oxfords
)t Thoe Co., Webster, MA). leads of BASF safety matches were placed in the

v.j..,* ,c tion of the shoes between the welt and the upper and ignited. Maximum
.,(t,ratik n of the flame was 3 seconds (see Table 5). All urethane finishes were
"-" 'ily affected: PR, CL, and PL. [he UL finish did not change.

tHot foot tests were followed by solvent burn tests. Five cubic centimeters of
0 :,.iiJeI, were poured on the vamp Of the footwear and ignited after a 50-second

, Polyurethane finishes of PR, CR, and PL incited. Flames lasted 2 and 3

7
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s , :uds. There was minimum melting on the PL footwear and no melting of the UL
niiishes. The flame lasted less than I second on the UL footwear.

B urn Through Tests in Footwear

To sitmlulate the effect of "super-heated" slag burning embers and red-hot
t.Irticies flling on the footwear, a burning inethanamine reagent tablet used for
tc.:tig flaimmability of textile floor covering materials was placed on the vamp of
-- Ch shoe. The tablet was held by forceps and lighted by a Bunsen burner.
"-O duratior' of burning and the nature and dimensions of damage are shown in
'a ~rle 6. Thc tablets burned through the poroneric shoes and burned from 90 to 166
s, -crids. Burn time was at least 76 seconds on all of the dress shoes.

Table 6. Effect of meffianamln. reagent table tot" on Pervair (PR), Clarlno (CA),
patent leoathe (PI and upper WIr (UL) flootwear.

Burn Time
Footwear (sec) Results

- PR I left shoe 90 Burn through. 5/8" hole leather lining does not bum
PR 2 right shoe 166 Air pocket accelerates burn through, I V" hole.

-" leather lining does not burn
CL I left shoe 94 Burn through, finish boils through. /4" hole,

S-leather lining does not burn
CL 2 right shoe 118
PL I left shoe 110 Finish burns. /, " scar leather does not burn
P" 2 right shoe 120

L I left shoe 76 Finish barely affected, /4 " scar, leather does not
burn

UL 2 right shoe 98

*burning Metnariarnire Reagent Tablet 1588. Eli Lilly Inc. 307 E. McCarthy St. Indianapolis. IN 46206.

A PR shoe whose separated lining created an air pocket burned 166 seconds.
Lcdther linings prevented the tablet from burning completely through the poromeric
footwear. Touching the lining from inside the shoe indicated that transferred heat

- would be significant. Resulting burn holes were at least 0.5 inch in diameter on the
PI and CL oxfords whose urethane finishes supported combustion. A hole 1.50
inches in diameter occurred in one PR shoe where there was an air pocket between
the poromeric material and the leather lining. The UL oxfords showed a 0.25-in
diameter scar; the leather did not burn. The PL finish burned, but the underlying
leather substrate did not burn. Instead, it showed a 1/2-in scar.
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DISCUSSION OF RESULTS

Test results showed that poromerics are potencially hazardous materials in
hbi hedt environments. Therefore, they should be avoided as footwear components
it I personnel are to come in contact with flames or hot objects.

Patent leather (PL), which looks like poromerics, is a safer substitute and
shk-uil be more comfortable and protective.

Stdwdard leather is the more fire resistant and the least susceptible to
-'-,'. iIAg !rom flame and hot objects.

Pajtent and regular leather showed significantly higher heat transfer rates
t n poromierics, but the rates were reduced significantly and were equal to the
por.Y'nerics when lining combinations simulating regular footwear structures were

warplied. The Maximum heat transfer rates for all of the supported structures were
. entcal and relatively low (0.03 gcal/cm2 /sec). The findings suggest there is no

:'i heL transfer disadvantage for leather when used in combination with linings.

?'V
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CONC LUSIONS

1. Upper and patent leather are more fire retardant than poromerics and
sii I be safer under high heat conditions.

2. Patent leather seems to have all of the appearance attributes of
xr~ iricSind is more fire retardant.

a-0
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RECOMMENDATIONS

1. Consider abandoning poromeric materials in the interest of safety,
particularly in shipboard environments.

2. Investigate pauent leather as a substitute for poromerics. A wear test of
thi, footwear is being conducted by NCTRF at the U. S. Naval Academy.

3. Alert the Navy Resale and Services Support Office to potential hazards of
vi-,roierics and suggest use of patent and regular leather shoes as replacements.
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